The Pap smear unquestionably is a successful screening test for cervical cancer. However, recent advances in technology have raised questions regarding whether the conventional Pap smear is still the standard of care. This article relates issues of screening and cost-effectiveness to the state of the art in thin layer preparations, cytology automation, human papillomavirus screening, human papillomavirus vaccines, and other cervical screening adjuncts. Perhaps nowhere in medicine is clinical decision making being more strongly influenced by market and other external forces than in cervical cytopathology.
SCREENING CONCEPTS AND PERSPECTIVES
The Pap smear is the best example of a successful cancer screening (1, 2) . Since the late 1940s, the coincidence of evolving technology, an accessible target organ, and a relatively long preinvasive development time for this disease with a historically bad outcome provided the impetus for cytologic screening. As is often noted, the Pap smear has never been subjected to a formal clinical trial to determine its efficacy. Rather, early anecdotal positive experience, combined with pressing clinical need, leads to its widespread implementation (3) (4) (5) .
Approximately 500,000 cases of cervical cancer occur each year. In contrast to the situation in the screened populations, cervical cancer still ranks as the first or second most frequent carcinoma in women (fighting for number 1 with breast cancer) worldwide. In addition to these features, the effectiveness of treatment of the preinvasive form of cervical cancer combined with the low morbidity of treatment facilitated the decrease in cancer in screened populations. The widely quoted 20% false-negative grade for a single Pap test does not take into account that each annual test is an independent event. Consequently, in an appropriate target population, the risk for missing serious disease with three annual consecutive screenings is approximately 1%. At least half of false-negative Pap smears are due to inadequate sampling. Either the cells are not collected or they are not present on the slide. One third to one half are due to errors in the screening process involving locator or interpreter error. Much of the discussion on available new technology that follows is focused on lowering the false-negative rate, addressing issues of sampling, sample preparation, or screening/quality control.
The following background data are derived from several sources, primarily the U.S. Census Bureau, the American Cancer Society (ACS), the College of American Pathologists (CAP), and several online cancer databases (6) . They are included to provide some perspective on the advances to be discussed.
Of the approximately 272 million people in the United States, 139 million are female. If we assume that the major target population for cervical cancer screening includes only women between the ages of 15 and 70, then the target population size is reduced to approximately 95 million. A common estimate of the volume of Pap smears performed annually is approximately 50 million. Therefore, only approximately half of the population is getting annual screening. Of course, this estimate does not reflect issues of maldistribution whereby a population subset is highly screened with multiple repeat examinations versus a fairly large subset of poor, uninsured, or ethnic minorities who have never been screened or are screened inadequately. An estimate of the distribution of cytologic diagnoses extrapolated to the U.S. population, taking into account reasonable estimates of the Pap smear falsenegative fraction per diagnostic category, is presented in Table 1 .
The American Cancer Society estimates that there will be 12,800 cases of cervical carcinoma in the United States with approximately 4,600 deaths. In unscreened populations, cervical cancer incidence ranges from 30 to 40 in 100,000 to as high as 1 in 1,000, compared with the current U.S. rate of approximately 5 in 100,000. Hence, screening has effected up to a 90% reduction in the incidence of cervical cancer. Likewise, Gustafsson et al. (7, 8) performed a careful study of worldwide databases to get an estimate of the incidence rate of cervical cancer in various populations before the effects of screening. They analyzed more than 83,000 cases, and their studies provide a good statistical profile of cervical cancer worldwide. The mean age at peak incidence of diagnosis is 54 Ϯ 8 years, and the mean range from the earliest onset of cervical cancer (26 Ϯ 3) to peak is 28 Ϯ 7 years. The shape of the curve of cancer incidence is interesting and suggests that either exposure to the cancer-causing agents decreases with age or target cells are less susceptible to malignant transformation with age. Compared with the worldwide data, the U.S. and other screened populations have approximately a decade earlier mean as well as a questionable rising incidence, speculated to be due to the effect of sexual behavior on maturing cohorts.
From Table 1 , the pool of all cytologic abnormalities (atypical squamous cells of undetermined significance [ASCUS] and above) is only 5.9% of the population. The corresponding number for lowgrade squamous intraepithelial lesions (LSIL)ϩ ϭ 2.7% and for high-grade squamous intraepithelial lesions (HSIL)ϩ ϭ 0.56%. Thus, despite widespread "negative" publicity, the Pap smear has done a remarkable job of finding the "needles in the haystack." This success is despite that the test is still performed very much as originally invented. Indeed, simple but major early advances included the conversion from a vaginal pool specimen to direct cervical sampling, an improved differential staining technique, and the training of a highly skilled workforce of dedicated cytotechnologists, which have combined to bring about the current situation-a Pap test so good that the general population expects it to be perfect.
No test is perfect, including the Pap smear. In the past decade, significant technical advances have presaged the possibility of improving what is already a very good test. These advances have addressed problems of improving sample collection, specimen preparation, screening locator errors, fatigue, and so forth to drive down the false-negative fraction while increasing the sensitivity and specificity of this screening test. Some newer technologies attempt to "threaten" the primacy of the Pap smear for cervical cancer screening. In the future, given the advances in our understanding of cervical cancer pathogenesis, widespread human papillomavirus (HPV) vaccination may make cervical cancer screening a thing of the past for our children or grandchildren. What follows addresses the currently available technologies and the questions of whether these technologies help us do better in cervical cancer screening while trying to balance this against a perspective of "if we can do better, is it worth the cost?" Recently, Melamed et al. (9) attempted to evaluate issues of cost in cervical screening technology. They stated that any cost-effectiveness analysis should take a societal as well as a medical perspective. Assessing the marginal impact of any new technological advance should be the primary goal of such analyses. Certainly, the goal of any new technology should be to improve the health of the population to which the technology is applied while hopefully reducing costs. In reality, there are very few examples of recently introduced new technology in which these goals have been achieved. A stringent requirement to reduce cost can have a markedly adverse effect on the introduction of any new technology. If price is the only determinant of technological implementation, such a strict requirement may freeze current technology in place. Price plus value, emphasizing the long term, is a much harder but realistically needed perspective. A full analysis of cost-effectiveness is beyond the scope of this article (10, 11) . However, in a screened population such as in the United States, at least 50% of the cancers occur in patients who have never had a single screening examination. Another 25 to 33% occurs in people who are inadequately screened. It should be obvious then, that any im- provement in screening technology will not significantly affect the cervical cancer rate because fewer than 10 to 15% of the cancers occur in patients who are being adequately screened even with our current "primitive" technology. In addition, the current U.S. screening effort combined with the cost of therapy costs approximately $3 to 5 billion a year. A $10 "improvement" equals $1 billion of additional health care cost when applied to the entire population at risk. Without effectively bringing more patients into the screening pool, a perfect improvement could be expected to save at most 500 to 1,000 lives at a cost of $1 million or more per case. Is society willing to pay this price? Are there ways of improving the distribution of the health care dollar such that new technology may be implemented within the current multibillion-dollar framework? I do not have answers to these questions, but the following observations conclude my remarks on screening. Contrast the Pap smear with another common screening test, serum prostate specific antigen (PSA) analyses.
Costs for a PSA range between $10 and $15, depending on whether indirect costs are included in the analysis. The current charge at many institutions is approximately $60, although actual reimbursement is again variable depending on the payer. Even at 50% reimbursement (typical of Medicare), this test is reimbursed at up to five times the rate of a screening Pap smear: This for a test that is nearly completely automated and requires only a blood draw. The benefits of widespread PSA screening are at best controversial, and the target population is much more highly selected.
In contrast, the current cost for a conventional Pap smear is approximately $10 per test, and the charge for all but the abnormal cases, in which a pathologist is involved, is approximately twice that at $20 per test. These costs and charges do not reflect that Pap smears continue to be used as a "loss leader" in many institutions. In addition, many Pap smears are not billed separately as a clinical laboratory test. It is difficult to get exact numbers, because this is one of the deeply buried secrets in the interaction between pathology laboratories and clinicians. For many patients, the Pap smear is paid for directly by the clinician, usually at a minimal rate. The clinician then charges the patient the usual "exam ϩ Pap smear" collection/ interpretation fee and pockets the difference. Thus, there is a strong negative incentive to reimburse Pap smears at what even Medicare thinks is a reasonable technical charge, because every cent spent on increased Pap reimbursement is money taken directly from the clinician's pocket. In my opinion, a significant fraction of the dollars needed to implement new technology is tied up in this quagmire, and such a system calls into question pronouncements from some clinical professional organizations that state that new technologies are unproved or not cost-effective and therefore should not be implemented. Clearly, the Pap smear is an undervalued test! If money cannot be shifted from one available pot to the another, then what alternatives exist for freeing dollars to implement new technologies or to reach effectively more of the population? The only obvious answers include screening less frequently and screening a different proportion of the population based on some preselection criteria. Regarding the former, Frame and Frame (12) stated that the only significant factors that should determine the frequency of screening are the "window" of opportunity reflecting the length of time necessary to develop the target disease and the sensitivity of the test. It is surprising that the incidence of the disease in a population does not affect the efficacy of screening. Frame estimated, based on a review of the literature, that the overall sensitivity of a single Pap examination is 80%. The window from acquisition of mild cervical dysplasia to the development of carcinoma in situ and/or invasive cancer is at least 6 to 10, if not 20, years. Given that model, screening every 3 years detects 96% of patients who are at risk. This model compares well with the international data used in his study as a comparison group. The analyses clearly show that there is little to be gained by screening more frequently than every 3 years. Even recent estimates of only 50% Pap smear sensitivity may not justify annual screening (13) . Counterintuitively, more frequent screening may ultimately decrease the sensitivity of the given test. This is because frequent screening filters out the "easy" cases and leaves cases that are harder to identify and diagnose in the residual population. An examination of their formula and assumptions clearly shows that "an ounce of prevention is better than a pound of cure, but 2 ounces is not better than 1." Although such an analysis clearly points to a potential source of funds for technological innovation, changing the behavior patterns of populations seems to be a daunting task.
Given the above issues, what "advances" are currently available or on the horizon to address the problems with Pap smears? The problems, for the most part, are centered on decreasing the falsenegative fraction, thereby increasing sensitivity while hopefully not compromising specificity. Many of the current device-based advances center on addressing two issues: optimization of the cellular sample and improvement in screening the cellular sample for abnormality. Most consumers do not appreciate the complexity of the Pap smear screening process. Simple things that can be done to improve the quality of the cellular sample, including appropriate patient preparation (e.g., trying to avoid sampling at menses), can greatly improve the signal-to-noise ratio in the average Pap test. This article does not analyze the pros and cons of different sampling devices. Suffice it to say that the amount of material does vary widely with sampling device and that sampling devices that adequately collect material across the squamocolumnar junction (transformation zone) improve accuracy.
THIN LAYER TECHNOLOGIES
The attractions of thin layer technologies include improvements in sampling, fixation, staining, and background. In essence, most of the variables in slide quality are removed from the realm of the sample collector and placed under more stringent control within the laboratory.
The average Pap smear slide contains between 50,000 and 300,000 cells. Depending on the patient, a significant proportion of these cells may be inflammatory cells and/or red cells. In contrast, DNA analysis of the average Pap collection demonstrates that more than 1 million cells are routinely collected in the total sample. Thus, as little as 5% of the sample may actually make it onto the slide; with the traditional Pap sampling method, this is not a random subset of the total sample collected. The advantages of thin layer technologies address all of the problems in the preanalytic stage of the Pap smear. The entire sample is placed directly into a vial of liquid fixative, optimizing fixation. Randomization of the sample ensures a more representative sampling on the slide submitted for screening. Optimization of fixation and staining addresses the significant fraction of ASCUS diagnoses related to obscuring factors or poor fixation. In May 1996, Cytyc Corporation received Food and Drug Administration (FDA) approval for the ThinPrep 2000 System. As of this writing, ThinPrep is the only monolayer system approved for use in gynecologic cytology. A competing technology, AutoCyte Prep (AutoCyte, Inc.) is in the final stages of premarket approval from the FDA and most likely will be available by the time this is published.
A review of the available literature for the ThinPrep 2000 System and its predecessor, ThinPrep Beta, in trials that assessed more than 80,000 samples reveals that the ThinPrep technology produces slides that are superior to a conventional Pap smear's in finding cases of abnormality (14 -28 
is prepared from the cytologic sample first and the remainder is suspended in the liquid buffer system. More dramatic improvements in sensitivity, particularly for high-grade lesions, as well as specimen adequacy, have been demonstrated with recent direct-to-vial studies. Some similar preliminary data are available for the AutoCyte Prep. Concerns have been raised about the adequacy of the ThinPrep for the detection of glandular lesions; the original FDA trial showed a decrease in specimen adequacy for the presence of an adequate endocervical component. More recent data suggest that these concerns are an artifact of two processes. Some of the softer cervical "broom" devices may not adequately sample the transformation zone, particularly if inappropriately used. Such devices may also be inappropriate for certain patients, depending on their cervical anatomy. Furthermore, the more recent direct-to-vial studies demonstrate significant improvements in the number of specimens judged to be adequate for an endocervical component.
The obvious disadvantages of thin layer technologies are the trade-off in sample preparation time and cost in the laboratory. These negatives may be compensated by an improved screening environment with clear cellular visualization, less fatigue, and perhaps decreased screening time as a result of the smaller number of cells and smaller cell visualization area on the slide. However, the significance of even a single abnormal cell in these relatively decreased cellularity preparations is increased. Thus, marked decreases in screening time may not be possible as technologists may spend more time looking at fewer cells to find the small population of abnormal cells present on the slide. The other obvious problem is the markedly increased cost associated with these preparations. Cost-benefit analyses notwithstanding, the FDA has granted Cytyc claims that allow the ThinPrep to be a replacement for the conventional Pap smear and cite that it is significantly more effective than the conventional Pap smear. Currently, the ThinPrep method seems to have penetrated approximately 10 to 15% of the Pap smear market.
SCREENING AUTOMATION
For the past 3 years, two devices, Neopath's AutoPap 300 QC and Neuromedical Systems' PapNet, have been available for the quality control rescreening of negative Pap smears. For the past year, the AutoPap System has been the only device approved for primary screening. The PapNet System was undergoing clinical trials as a primary screener (see below (16, 21, 29) .
The AutoPap System allows up to 25% of the most normal slides that are scanned into the system to be sorted out for no further human review. The concept that a machine, without human input, can review a cytopathology specimen is potentially a major advance in anatomic pathology practice (30 -33) . As automated blood smear analyzers had tremendous impact on the hematology laboratory, so, too, could automation have a tremendous impact on the conventional practice of cytopathology. In the FDA clinical trial supporting the use of the AutoPap, Wilbur et al. (33) conducted a two-armed prospective study involving 25,000 conventional Pap smears. This study compared AutoPap-assisted practice at a 25% sort rate combined with a 15% AutoPap-directed quality control rescreen to conventional practice including the Clinical Laboratories Improvement Act-mandated 10% random rescreening. The ranking scores generated by the AutoPap for the human reviewed fraction were provided to the cytotechnologist. This critical part of the protocol seems to have modified technologists' behavior/vigilance for the better. The results of this study demonstrate statistically significant improvements in the detection of abnormal slides at the levels of ASCUSϩ, LSIL, and LSILϩ, as well as statistical equivalence for HSILϩ. In addition, there was an average of 16% improvement in the falsepositive rate. Thus, AutoPap-assisted practice not only improved sensitivity but also simultaneously improved specificity. Neopath's achievement of breaking through the automation barrier with a primary screening instrument in cytopathology is highly significant. The potential for maintaining or increasing capacity in cytopathology laboratories at a time when skilled cytotechnologists are in diminishing supply yet the government is focusing efforts to increase the number of people availing themselves of the Pap smear screening system should support its potential use. Of course, new technology does not come without some increase in cost. However, Neopath based the claims granted by the FDA for the use of the AutoPap System as a primary screener on a very conservative presentation. The data contained in the primary screening trial may actually support statistical superiority or equivalence at higher sort rates. Overseas implementations of the AutoPap technology, particularly in areas where cytotechnology services are more poorly developed, demonstrate the ability of the system to improve markedly the quality of cytopathology services while simultaneously decreasing workload.
The PapNet System that was undergoing clinical trials both in Europe and in the United States for use in primary screening of Pap smears is somewhat different from the system that received approval for quality control rescreening (34 -39) . Like the AutoPap, the new PapNet system places the screening/scanning instrument in the laboratory. This solves a major problem with the previous system, which required users to ship their slides, often at great distance and expense, to a remote scanning laboratory. The new scanner and software presents on a computerized review station 128 images for each slide that demonstrate areas with the highest likelihood of abnormality. Triage of slides into "no review" and "review" is determined by the cytotechnologist's impression on the workstation. It is important to note that in these trials, thin layer preparations, as well as conventional Pap smears, were also being tested. Likewise, Neopath is conducting clinical trials to remove a major impediment to further implementation of the AutoPap technology, because thin layer preparations and AutoPap are currently mutually exclusive technologies. However, it should be obvious that the two technologies greatly complement each other. The superior cytologic preservation and decrease in overlapping cell presentations of thin layer techniques can only make the job of these very sophisticated imaging computers much easier.
The state of screening automation is first generation. Besides the obvious improvements in sort rates that can potentially be brought about by the use of combined thin layer and automation technology, other potential improvements are envisioned for the near future. These include sitedirected screening, whereby the "alarms" by which these automated systems rank and/or triage slides are communicated to the cytotechnologist in a manner that directs him or her to the areas of the slide with the highest likelihood of abnormality. Such an AutoPap-based system that generates a "PAPMAP" has already been implemented in Taiwan with impressive results. Interfacing such a system with a computer-controlled stage such as Pathfinder (Neopath) could even further improve efficiency in the screening process.
Of course, all of this technology is contingent on the survival of these companies. As in many new technology arenas, the cytopathology automation field is rapidly evolving. In the 3 months since the presentation at the USCAP meeting, Neuromedical Systems, Inc., has declared bankruptcy. Its intellectual property has been sold to Autocyte, Inc. The field has further consolidated with the announced merger of Autocyte, Inc., and Neopath, Inc. Thus, from four competitors, the marketplace is reduced to just two. It would be a shame if the decades of work that have now culminated in actual working cytopathology automation processes were ended prematurely or terminated inappropriately because of the severe problems induced by continued underreimbursement for Pap smear services.
HPV SCREENING
The estimated overall HPV prevalence in the U.S. target population is approximately 20%. The prevalence varies greatly with age (Table 2 ). These data have implications for a discussion about the utility of HPV testing as a screening procedure.
It is clear that virtually all lesions encompassed by the term "cervical neoplasia" are HPV associated. The epidemiologic and molecular evidence supporting this is convincing (40, 41) . Epidemiologic studies demonstrate that a positive HPV test is the most powerful independent risk factor for the development of both cervical dysplasia and invasive cancer. Once HPV status is accounted for, the relative risk associated with traditional factors, such as sexual behavior, becomes insignificant. In limited studies, HPV infection precedes and predicts for the development of cervical precancer as well as invasive cancer. Furthermore, virtually 100% of invasive carcinomas from around the world have been shown to be associated with a limited spectrum of HPV types (42) .
Given the strength of these associations, an obvious question is whether screening for HPV using some sort of molecular diagnostic test would be superior for selecting the population at risk for cancer development (43) (44) (45) (46) . The answer to this apparently simple question is, unfortunately, complex. Part of the problem is technical. Which HPV test should be used? HPV testing, as all molecular diagnostics, is continually evolving. Until recently, there has been only one commercially available FDAapproved test for HPV, the Hybrid Capture tube test (HCT) marketed by Digene Diagnostics. The sensitivity, specificity, and predictive values of the "tube" test with a 10 pg/ml cutoff value for a group of 11 to 13 high-risk viruses have been fairly well characterized (47) (48) (49) . Compared with polymerase chain reaction (PCR) analysis using L1 consensus primers, the HCT has a lower sensitivity. However, the HCT is more specific for the presence of clinically detectable cervical abnormalities compared with PCR, which, because of its higher sensitivity, picks up a significantly higher proportion of patients without clinically detectable disease.
As noted previously, molecular technologies continue to evolve rapidly. The newest iteration of the HCT (HC II, approved in March 1999) is relatively semiautomated, uses a microtitre format, and has up to 50 times the analytic sensitivity of the current test. Whether the improved sensitivity is of clinical benefit greatly depends on whether one is using the test for screening or diagnosis/triage and on the population characteristics. The interplay among sensitivity, specificity, and disease prevalence needs to be kept in mind when evaluating the utility of any test. Likewise, PCR/amplification technologies are rapidly evolving. In addition, the expanding sequence database of all relevant HPVs makes it likely that the new powerful "DNA-chip" technologies may replace or augment current HPV testing methods.
Might HPV testing be a better screening method? This question has been most thoroughly examined by workers in the Netherlands, who have proposed using an extremely sensitive PCR-based method as the first step in a cervical cancer screening program (50 -52) . If one were designing a cervical cancer screening program from scratch, this approach makes a tremendous amount of sense. Nearly 100% of the pathology of interest is HPV positive. Conversely, if a sufficiently sensitive screening test showed that an individual was not HPV positive, then the incidence of disease would be so low as to make screening nearly worthless. Considering the high prevalence of HPVs in the pathology of interest and the relatively long time frame from acquisition of infection until the development of cervical cancer, the relative value of initial triage based on HPV status is obvious. The lower the prevalence of HPV in the population to be screened, the better the performance profile of an extremely sensitive HPV screening test. For instance, the incidence of cervical cancer in women who are younger than 25 to 30 years is extremely low, and the prevalence of HPV in the United States drops from approximately 40% at age 20 to 10 to 20% at age 30 to 40 (or as low as 4 or 5% at age 30 in the Netherlands). Under these conditions, it may not make sense to spend resources on screening young women, most of whom develop only transient low-grade lesions. The Dutch proposal seeks to screen the entire population at age 30 with the most sensitive HPV test available combined with a single cytologic screen- ing. Patients whose results are positive on either test would be entered into a program of more intense routine screening, whereas the "double negative" patients would be returned to the general population pool that would then be screened on a long-interval basis of 5 to 10 years. Again, if the prevalence of detectable virus is low and the disease prevalence is also low, such a system makes for extremely rational triage and resource utilization. The arguments become even stronger if the cost and reliability of the HPV test become comparable to cytologic methods. Indeed, in some recent studies, HPV testing seemed more reliable than the Pap smear because of superior sensitivity in identifying patients with cervical abnormalities. For instance, a large recently published triage study of ASCUS patients evaluated HC II testing for "oncogenic" HPVs versus repeat smear as an index for colposcopic referral (53) . The sensitivity for HSIL or greater in the HPV testing arm was 89.2% with a specificity of 64.1%. In contrast, the sensitivity for repeat Pap smear was 76.2%. This difference approached statistical significance. This and other studies strongly suggest that HPV testing will evolve into routine clinical practice. Furthermore, prospective studies that address a rational basis for HPV primary screening are needed and planned in the Netherlands and at other sites. Whether such a program could be tested in the United States is questionable because of the relative mobility of the U.S. population and the strongly ingrained emphasis on annual Pap smear screening.
HPV VACCINES
The recognition that HPVs are the primary cause of cervical cancer strongly raises the possibility of the use of HPV vaccines for both treatment and prophylaxis of cervical cancer (54 -62) . A successful prophylactic HPV vaccine could virtually eliminate the need for cervical cancer screening programs. This admirable long-term goal is just possibly coming into reach.
There are more than 100 types of HPVs, more than 30 of which are prevalent in the cervix. It is unclear whether immunity to any specific type provides cross-reactive immunity to other types. Thus, the ultimate vaccine likely may be a complex polyvalent mixture. Until recently, the lack of an abundant source of HPV antigens markedly impeded vaccine development. However, recombinant methods that are capable of generating viruslike particles that contain the HPV L1 and L2 capsid proteins have been the major technical advance promoting HPV vaccine development. Studies performed in animals reveal consistent and promising findings for the development of a prophylactic HPV vaccine. Vaccines developed in rabbits, cows, and dogs all show great promise. Canine oral papillomaviruses (COPVs) are effectively prevented by intradermal injection in the footpad of either a formalin inactivated COPV wart extract or COPV L1 viruslike particles. Immunization of approximately 60,000 beagles during a 3-year period resulted in complete protection against naturally acquired COPVinduced warts.
Approximately 80% of HPV cancers are associated with a limited type spectrum of HPV 16, 18, 31, and 45. Several vaccine trials, most initially targeting HPV 16, are undergoing Phase I and Phase II testing. Obviously, the long natural history of both HPV infection and cervical cancer, together with the fact that the optimal target population involves young persons before the onset of sexual activity, complicates the development of such vaccines. However, the potential success of an HPV vaccine program could produce the first example of true cancer prophylaxis and ultimately lead to the elimination of the entire cervical cytology screening system.
PAP SMEAR REPLACEMENTS
A growing literature sights the shortcomings of the Pap smear, focusing on the causes of falsenegative smears and the problem of cervical cancer in the 25 to 33% of individuals who have been screened. Much of the previous discussion has been directed at technologies that try to rectify that situation. There are still other approaches (63, 64) : those that improve direct visualization of the cervix, many in a manner similar to colposcopy, and those that rely on nonvisual or biophysical analyses that seek to distinguish and even grade the normal/ reactive versus the neoplastic cervix.
Among the visualization methods short of fullblown colposcopy, the one most widely known is cervicography (65, 66) . This patented technique, available exclusively through National Testing Laboratories (Fenton, MO), is a standardized photograph of the cervix under acetic acid-enhanced visualization, which yields two images that are interpreted centrally by licensed colposcopy experts. The grading system used has undergone evolution mainly to improve specificity. Cervicography has been repeatedly reported to be more sensitive and less specific than cytology. Note that in my opinion, there is a bias in much of this literature in that the Pap smear for comparison is taken at the same time as the cervicogram. A vigorously collected smear could affect the quality of the subsequent image. Cervicography seems to work best as a Pap smear complement, as the two together have a better sensitivity/specificity profile than either alone. How-ever, few data compare the utility of this technique with an enhanced Pap smear using automation and/or thin layer methods. The same can be said for all of the other methods mentioned next.
Speculoscopy is a variation of colposcopy that uses blue-white chemiluminescent light along with acetic acid and magnification to examine the cervix. Very limited published data are available on this technique, which relies on established colposcopic skills (67) . Prospective trials on screening populations with appropriate controls have yet to be performed.
Polarprobe is another adjunctive or potential screening technique. The Polarprobe is a portable optoelectronic device that differentiates tissue types on the basis of voltage decay and multiwavelength light scatter. Readings are taken by applying the probe directly to the surface of the cervix, and the signals are interpreted immediately by a notebook computer that relates the patterns to algorithms for six tissue types. Limited studies have shown reasonable concordance with colpohistology. This device is undergoing trial for FDA approval as a screening adjunct. The attraction is the potential for immediate diagnosis, which could have significant utility in areas in which cytology services are lacking.
Several other devices are undergoing development and testing on the basis that, similar to Polarprobe, biophysical properties can be measured in vivo/in situ and can discriminate the healthy from the pathologic cervix. Infrared spectroscopy, nuclear magnetic resonance spectroscopy, and laser-induced fluorescence all demonstrate some technical basis for clinical trials (68 -71) .
Obviously, all of these approaches still require the patient to have a cervical examination. Clearly, patients who are willing to submit themselves to cervical screening are not the problem. In underdeveloped areas, even simple visual inspection or enhanced inspection with a flashlight after the application of vinegar can be used to downstage cervical cancer and improve outcome. The dilemma in ultimately using any or all of the new technologies is tied to cost-effectiveness analyses and the strength of medical arguments for versus the reluctance of payors to support implementation.
In recent years, molecular biologic techniques have entered into the diagnostic clinical arena and are now powerful tools in the evaluation of neoplasms, infections, and genetic disorders, to name a few. Because of the rapid evolution and complexity of molecular biology, this area may seem intimidating to practicing physicians and students.
As the author states in the preface, the goal of this book is "to provide sufficient background to enable physicians and students to understand how molecular biology is now impacting on pulmonary practice and to be able to understand the coming advances." This concisely written, well-illustrated book largely achieves this goal and is an understandable introduction to molecular biology.
The book is organized into 10 chapters followed by a glossary of basic terminology. Chapter 1 reviews basic concepts of DNA and Southern, Northern, and Western blots. The subsequent chapters on tuberculosis, alveolar proteinosis, ␣ 1 -antitrypsin, alveolar proteinosis, deficiency, cystic fibrosis, lung cancer, and AIDS are used to explain and illustrate basic molecular concepts and analysis such as polymerase chain reaction, DNA cloning, linkage analysis, oncogenes, and so forth.
Each chapter is clearly and concisely written and contains multiple tables and figures to make complex material very understandable. The bibliography for each chapter is relatively short but seems to contain a sufficient number of pertinent recent references. This text is well suited for students and practicing physicians (particularly pulmonologists) who desire a basic introduction to molecular biology.
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